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PROCESS FOR THE PREPARATION OF AN METAL-ORGANIC COMPOUND 
6 COMPRISING AT LEAST QNE 'MINE LIGAND 

The Invention relates to a process for the preparation of an metal- 
organic compound comprising at feast one imine ligand aooording to formula 1- Metal- 
organic compounds thus produced are typically used as precataiyst in the production of 

10 polyolefins* Imine Uganda for these precatalyst can be guanidine, iminoirnidazollne, 
ketimides or phosphinimine, the manufacturing of which is described in WO 2070569, 
US 6114481 and US 6063879 respectively. 

The known production processes for phosphinimine comprising 
rnetal-organio compounds require at least two steps: (i) the synthesis of a N-trialkylsilyl 

1 5 substituted imine ligand, followed by (il) contacting this ligand with an metai-organic 
precursor. However, in the one step process for the manufacturing of the imine ligand, 
as described in 2. Naturforschung. 29b, 328(1 974) (the Staudinger reaction), azide 
chemistry is required. In this process, the most the frequently used azide is 
addotrimethyisilane, which is highly toxic and readily hydrolysable, releasing the highly 

20 toxic and both temperature and shock sensitive hydrazoic acid. Therefore, mixtures 
containing (partially) hydrolysed trimethylsilylazide may explosively decompose. 

A process for an azide-f ree preparation of imine llgands (i.e. 
phosphinimine) is described in Canadian patent application CA 2,261 ,51 8. However, 
this procedure encompasses two reaction steps starting from 

25 aminophosphonlumhalides. Another disadvantage of the method described in CA 

2,261 ,518. is the use of harmful and costly reagents, such as />butyliithium. Finally, in 
this procedure the imine ligand is substituted with trimethylsilylchtoride, which is 
removed as such in a reaction of the Imine ilgand with the metal-organic precursor. 
Known production processes for guanidine-, ketimfde- and iminoimidazoline comprising 

30 metal-organic compounds care described in WO 2070569 and US 61 14481 .They are 
carried out at low temperature and require in some cases a solvent change. 

Disadvantage of the known less dangerous methocj is thus that at 
least two steps are required, when starting the process with an 
aminophosphoniumhalide. Purpose of the present invention is to provide a widely 

35 applicable method for the manufacturing of a metal-organic compound from an imine 
and a metal-organio precursor in one step. 
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Thls aim is achieved in that an (mine ligand according to formula 1 , or 
the HA adduct thereof, wherein HA represents an acid, of which H represents its proton 
and A its conjugate base, is contacted with a metal-organic reagent of formula 2 in the 
presence of at least 1, respectively 2 equivalents of base, wherein 



Y=N-R 



(formula 1) 



10 



15 



20 



25 



30 



wherein Y is selected from a substituted carbon, nitrogen or phosphorous atom and R 
represents a protic or aprotic substituent, and: 



M v (L 1 ) k (L 2 ),(L 5 ) m (L 4 )nX 



(formula 2) 



wherein: 

M represents a group 4 or group 5 metal ion 

V represents the valency of the metal ion, being 3, 4 or 5 

Li, La, and U represent ligands on M and may be equal or different 
X represents a group 17 halogen atom 
k, I, m, n = 0, 1, 2, 3, 4 with k+i+m+n+1 =V 

With the method of the Invention a metal-organic compound, suitable 
as precatalyst in olefin polymerisation, is prepared in one step. An additional advantage 
of the method of the invention is, that during the process hardly any by-products are 
formed, so that further purification is not necessary (or very limited with respect to state 
of the art processes). The metal-organlo oompound prepared by the method of the 
Invention has a higher purity than a metaNorganic compound prepared via known 
production processes and can be used as such in olefin polymerisation processes. An 
additional advantage of the process of the invention Is that the process can be carried 
out at room temperature, whereas the reaction of the N-trialkylsilyl substituted imine 
ligand with the metal-organic reagent has to be carried out at elevated temperatures. 

The imine derivative or its HA adduct, as represented in formula 1, is 
substituted by an Y-and an R group. In the method of the invention, the Y group 
consists of a substituted carbon, nitrogen or phosphorous atom. If Y represents a 
substituted carbon atom, the number of substituents is 2. If Y represents a substituted 
nitrogen atom, the number of substituents is 1 and the number of substituents is 1 or 3 if 

Y represents a phosphorous atom, depending on the valency of the phosphorous atom. 
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Substituerrts on carbon, nitrogen or phosphorous may be equal or different, optionally 
linked with each other, optionally having hetero atoms. Substituents may be protio or 
aprotic. A protlc substituent is defined here as a substltuent which has at least one 
group 15 or group 1 6 atom containing at least one proton. 
5 Examples of protlc subsituents include (VC20 linear, branched or oyolio hydrocarbyl 
radicals, substituted with a group 15 or 16 atom bearing at least one hydrogen atom. 
Preferred protlc substituents include phenolic radicals, pyrrolic radicals, indolio radicals, 
and ImidazQlic radioals. 

The substituent is called aprotic if the substituent laoks a group 

10 containing a group 15 or group 16 atom bearing a proton. An unsubstituted aprotic 
hydrocarbyl radical can be a Ci~G 20 linear, branched or oyclic radical, a hydrogen 
atom, a halogen atom, a d^alkoxy radical, a Cwoaryl or aryloxy radical, an amido 
radical, or a C1.20 hydrocarbyl radical unsubstituted or substituted by a halogen atom, a 
Ci* alkoxy radical, a C6_ n0 aryl or arytoxy radical, an amido radical, a siiyl radical of the 

15 formula; - 



20 



R 21 

i-R 22 

R 23 



(formula 4) 



or a germanyl radical of the formula: 



R 21 
— Ge-R 22 
R 23 



(formula 5) 



wherein R HJ with j s 1 to 3 is independently selected from the group consisting of 
hydrogen, a Chalky! or alkoxy radical, C^ioaryl or arvloxy radicals, each substituent 
25 R 2j may be linked with another to form a ring system, 

The substituent R oan be H, or being equal as these for the substituent on Y. * 
Examples of imine ligands according to formula (1) thus include: guanidines, 
iminoimidazolines, phosphinimines, phenolimines, pyrroleimines, indoleimlnes and 
imidazolelmlnes. 

30 R may be linked with Y, thus forming a ring system, optionally 
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10 



15 



20 



26 



30 



35 



comprising hetero atoms, or optionally comprising functional groups. Examples of 
ligands comprising such ring systems Include: 8-hydroxyquinoline, 8-amlnoqulnollne, 8 
phosphlnoquinollne, 8-thloquinoline, 8-hydroxyqulnaIdine, 8-aminoquinaldlne, 8- 
phosphinoqulnaldine, 8-thioquinaIdine and 7-a2afndote or indazofe. 

In the process of the invention. HA represents an acid, of which H 
represents its proton and A Its conjugate base. Examples of A are halogenides, such 
as fluoride, chloride, bromide, or iodide, sulfate, hydrogensulfate, phosphate, 
hydrogenphosphate, dihydrogenphosphate. carbonate, hydrogenearbonate, aromatic 
or aliphatic carboxylates, cyanide, tetrafluoroborate, (substituted) tetraphenylborates, 
fluorinated tetraarylborates, alkyl or aryl sulfonates. 

With "at least 1, respectively 2 equlvalens of a base", and lateron In 
the application "at least 3, respectively 4 equivalents of a base", is meant that at least 
1, respectively 3 equivalents of a base are required when the imlne ligand as such is 
used, but that at least 2, respectively 4 equivalents are required, In case the HA adduct 
of the Imlne ligand is used. 

The metal-organic reagent used in the method of the invention is a 
reagent according to formula 2. In this formula L, to Ucan independently be a 
monoanlonio ligand or a group 17 halogen atom. 

Examples of monoanlonlc ligands are: halides like a fluoride, chloride, bromide or 
iodide, (un)substituted aliphatic or aromatic hydrocarbyls, like CrCao hydrocarbyl 
radicals, aryloxy or alkyloxy, cyclopentadienyls, indenyls. tetrahydroindenyls, 
fluorenyls, tetrahydrofluorenyls, and octahydrofluorenyls, amides, phosphides, sulfides, 
ketimides, guanidines, iminoimidazoilnes, phosphinimides, substituted imines, like 
(hetero)aryloxyimine$, pyrrolelmfnes. indoleimines, imldazolelmlnes or 
(hetero)aryloxides. 

Preferred monoanlonlc ligands include: fluoride, chloride, bromide, 
iodide, C-C 20 hydrocarbyl radicals, cyclopentadienyl, C r C 2 o hydrocarbyl substituted 
cyclopentadienyls, halogen substituted C-Ca, hydrocarbyl substituted 
cyclopentadienyls, indenyl, C-Caj hydrooarbyl substituted indenyls, halogen 
substituted CVCao hydrooarbyl substituted Indenyls, fluorenyls. C,-C 20 hydrooarbyl 
substituted fluorenyls, halogen substituted C,-C w hydrocarbyl substituted fluorenyls, 
Ci-C 46 substituted phosphinimides, Ci-Cs» substituted ketimides. Ci-Qjo substituted 
guanidines, C-Cgo iminoimida20lines. 

Most preferably monoanionic ligands are selected from fluoride, 
chloride, bromide, iodide, cyclopentadienyl, Ci-C 20 hydrocarbyl {optionally containing 
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hetero- or group 17 halogen atoms), substituted cycfopentadienyls, indenyl, C r Q>o 
hydrocarbyl substituted indenyls, and halogen substituted C^-Cn hydrocarbyl 
substituted indenyls. 

Depending on the valenoy of the metal of the metal-organic reagent, 
5 preferably at least one U, U» Ur or U represents a group 17 atom. If the valency of the 
metal V = 3, one or two ligands L may represent a group 1 7 atom. If V - 4, two or three 
ligands L may represent a group 17 atom. If V =*5, two to four ligands L may represent 
a group 17 atom. Preferred group 17 atom ligands are fluoride, chloride, bromide or 
iodide atoms. The most preferred group 17 atom llgand is chloride. 

10 In the method of the Invention an imine ligand or the HA adduct 

thereof according to formula 1 , is contacted with a metal-organic reagent of formula 2 
in the presence of at least 1, respectively 2, equivalents of a base. Examples of a base 
include, carboxylates (for example potassium acetate), fluorides, hydroxides, cyanides, 
amides and carbonates of U. Na, K, Rb, Cs, ammonium and the group 2 metals Mg, 

15 Ca, & Ba, the alkali metal (Li, Na, K, Rb, Cs) phosphates and the phosphate esters (eg. 
C 6 H 5 OP(0)(ONa) 3 and related aryl and alkyl compounds) and their alkoxldes and 
phenoxides, thallium hydroxide, alkylammonium hydroxides and fluorides. Some of 
these bases may be used In conjunction with a phase transfer reagent, such as for 
example tetraaiky (ammonium salts or crown ethers. 

20 Also stronger bases may be applied, like oarbanions such as hydrocarbanions of group 
1 , group 2, group 1 2 or group 1 3 elements. Also the metallic alkalimetals of group 1 
may be applied as a base. 

Preferred bases include amines, organolithium compounds, or 
organomagneslum compounds, alkali metals, group 1 hydrides or group 2 hydndes 

25 More preferred bases are mono-, di-, or trj- alkyfarnines or aromatic amines, 
organolithium compounds, organomagnesium compound, sodium hydride or 
calciumhydride. Under aromatic amines is understood in this application compounds 
having a nitrogen atom in an aromatic ring system or mono-, di-, or triarylamines. 
Even more preferred bases are triethylamine, pyridine, tripropylamine, tributyiamine, 

30 1 ,4~diaza4)lcyc!o[2,2.2]octane^ pyrrolidine or piperidine organolithium compounds, or 
organomagneslum compounds. Examples of organomagnesium compounds are: 
methylmagnesiumhalides, phenylmagnesiumhalides, benzylmagnesiumhalides, 
biphenylmagneslumhalides, naphtylmagnesiumhalides, tolylmagnesiumhalides, 
xylylmagnesiumhalides, mesitylmagnesiumhalides, 

35 dimethylresorcinolmagneslumhalides, N,N-dimethylanilinemagnesiumhalides, 
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dimethylmagnesium, diphenylmagneslum, dibenzylmagneslum, 
bfe(biphenyl)rnagnesium, dinaphtylmagnesium, ditolylmagnesium, dixyiylmagnesium, 
dimesitylmagnesium, bis(dimethylr6sorcfno!)magnesium, bis(N,N- 
dlmethylaniline)magnesium. 

5 Examples of organolithium compounds are: methyllithium, phenyllithium, benzyliithium, 
biphenyllithium, naphtyllithlum, dimethylresorcinollithium, N,N-dimethyIanilinelithium. 

In order to make a polyolefin by a borane or borate aotivatable metat- 
organio compound, the hallde groups of the metal-organic compound from the process 
of the invention have to be alkylated or arylated. This can be done for example with an 

10 organolithium compound or an organo magnesium compound. Surprisingly It has been 
found that such alkylated or arylated metal-organic compound oan also be prepared in 
one step by the process of the invention by carrying out the process in the presence of 
at least 3 f respectively 4 equivalents of an organomagnesium compound or an 
organolithium compound as a base. 

1 5 The reaction Is preferably carried out in a solvent Suitable solvents 

are solvents that do not react with the metal-organic reagent or the metalorganio 
compound formed in the process of the invention. Examples of suitable solvents 
include aromatic and aliphatic hydrocarbons, halogenated hydrocarbons, amides of the 
aliphatic carboxyllo acids and prlmaiiy, secondary, or tertiary amines, DMSO, 

20 nitromethane, acetone, acetonltrile, benzonitrile, ethers, poiyethers, cyclic ethers, lower 
aromatic and aliphatic ethers, esters, pyridine, alkylpyridines, cyclic and primary, or 
secondary amines, and mixtures thereof. Preferred solvents include aromatic or 
aliphatic hydrocarbons or mixtures thereof. 

In a preferred embodiment of the method of the invention, R 
25 represents a hydrogen atom and Y is selected from the group consisting of: 

i) a phosphorus substituent according to the formula; 

R 11 



30 



R* o 
(formula 3) 

wherein each R 11 , with J = 1-3 is independently selected from the group consisting of a 
hydrogen atom, a halogen atom, a C^alkoxy radical, a Ce.i 0 aryl or aryloxy radical, an 



» 
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amldo radical, or a C^o hydrocarbyi radical unsubstftuted or substituted by a halogen 
atom, a C^aikoxy radical, a Cs-ioary! or aryloxy radical, an amido radloal, a silyl 
radical of the formula: 



5 



R 21 
SI-R 22 

R23 



(formula 4) 



10 



15 



or a germanyl radical of the formula: 

R 21 
— -Ge-R 22 

r23 



(formula 5) 



wherein R 2 * , with j=1 -3. is independently selected from the group consisting of 
hydrogen, a Chalky! or alkoxy radical, Cheryl or aryloxy radicals, 
each substituent R 1 ' or R* may be linked with another R 1j or R 21 respectively to form a 
ring system, 

ii) a substituent according to formufa 6: 



Sub 1 



Sub ! 



(formula 6) 



20 



25 



wherein each of Sub 1 and Sub 2 is independently selected from the group consisting of 
hydrocarbyi radicals having from 1 to 30 carbon atoms; silyl radicals, (substituted) 
amido radicals and (substituted) phosphido radicate, and wherein Sub 1 and Sub z may • 
be linked with each other to form a ring system. 

Preferably Sub 1 and Sub 2 are each independently selected from the group of C1-C20 
hydrocarbyi radicals, or substituted amido radioals optionally linked by a bridging 
moiety. 
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The process of the invention can be carried out, by adding at least 1 , 
respectively at least 2 equivalents of a base to a mixture of the irnine ligand or its HA 
adduct and the metal-organio reagent thus forming a reaction mixture. The desired 
metal-organic compound is often formed instantaneously. Excess of a base may be 
5 applied without negative effects on the reaction product. If the reaction is exothermic, 
the reaction mixture may be cooled to a suitable temperature to control the reaction. If 
the reaction is slow, the reaction mixture may be heated in order to increase the 
reaction rate. During the reaction, a salt is formed. The reaction mixture as obtained by 
contacting an Imine or its HA adduct may be used as preoatalyst fn a polyolefin 

1 0 polymerisation without an additional filtration step if the salt formed during the reaction 
is compatible with the polymerisation process. If a salt free metal-organic compound is 
required, the salt can be removed by using a filtration. Depending on the solubility of 
the metal-organic compound, the mixture may be heated and then filtered. An 
advantage of the present invention is that the filtrate may be used as such without 

1 5 further purification in a following process, such as an alkylation or arylation step or the 
polymerisation process. If desired, the metal-organic compound may be isolated by 
distillation of the solvent, by precipitation or by crystallisation from a suitable solvent 

The invention further relates to a process for the preparation of a 
polyolefin as described In claim 10. Such an olefin polymerisation can be carried out in 

20 solution, slurry or in the gas phase. 

In a preferred embodiment of the olefin polymerisation the (alkylated) 
metal-organic compound is formed in situ. By in situ preparation Is meant in this 
context, that the metal-organic compound is made and subsequently activated in or 
anywhere before the reactor of the polymerisation equipment by contacting an imine or 

25 its HA adduct with an metal-organic reagent in the presence of an olefin polymerisation 
compatible base. Examples of bases compatible with the olefin polymerisation process 
include amines, organomagnesfum compound, organolithium reagents, organozinc 
reagents, organoaluminum reagents. More preferred bases are: aromatic amines, 
organomagnesfum compound, organolithium reagents, organozlnc reagents, 

30 organoaluminum reagents. Most preferred bases are N,N-dimethylaniline, 

diphenylmethylamine. triphenylamine, dibutylmagnesfum, n-butyllithium, CpO® 
cfihydrocarbylzlnc derivatives, diisobutylaluminium hydride, d-C 20 trihydrocarbyl 
aluminiums, or atumlnoxanes. In the case where aluminoxanes are applied as a base, 
the base can be the activator. 

35 In the olefin polymerisation according to the invention, R preferably represents a 
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hydrogen atom and Y Is preferably selected from the group consisting of: 
I) a phosphorus substltuent acoording to formula 3 of claim 2 or,: 
ii) a substituent according to formula 6 of claim 2. 

Advantages of the process of the invention are: higher yields, higher reaction rates and 
5 smaller amounts of by-products. The (alkylated) metal-organic compounds as obtained 
by the invented process can be used without further purification in the olefin 
polymerisation resulting in more active oatalysts. 

The Invention will be elucidated with some non-limiting examples: 

10 

General part 

Experiments were performed under a dry and oxygen-free nitrogen 
atmosphere using Schlenk-line techniques. ^-NMR, 13 C-NMR-spectra and 31 P-NMR- 
speotra were measured on a Bruker Avance 300 spectrometer. Diethyl ether and ligroin 
1 5 were distilled from sodium/potassium alloy; THF and toluene from potassium and 
sodium, respectively, all having benzophenone as indicator. 
Tri-ethylamine was distilled from calciumhidoide before use. 
Other starting materials were used as obtained. 

20 Comparative experiment A 

Synthesis of N-trimethylsilvltri-feit-butylphoshlnimlne 

To neat tri-ferf-butylphosphane (4.38 g f 21 .7 mmol) was added 

azidotrimethylsilane (1 . 00 mL, 0.87 g, 7,56 mmol). The mixture was heated to the 

temperature where the formation of nitrogen started (approximately 1 1 0°C). A white 
25 preolpitate started to form- The remaining amount of azide (1 >62 g, 14.1 mmol) was 

added portionwise in order to control the reaction. The product was distilled resulting in 

4.20 g (66%) of N-trimethylsifyitrhtert-butylphoshinimine. 

Preparation of (CpVrKNPft-BulQlCfp using CoTiClg and N-trimethvlsllvl-tri-tert- 

30 butviphoshinlmine 

To a solution of cyclopentadienyltitanium trichloride, CpTiCfe (0.430g, 
1 .96 mmol) in toluene (25 mL) was added solid N-trimethylsilyltri-tert-butylphoshinimlne 
(O.SSeg, 1 .96 mmol). The solution was heated to 60°C for 30 minutes and subsequently 
stirred overnight. The volatlles were removed in vacuo and the product was washed 

35 three times with ligroin. Drying of the yellow solid resulted in 0.63 g (81%). Overall yield 
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with respect to the phosphine: 53%, 

Example L One^ste p preparation of (Cp)TKNF(t-Bu^)Clfr from TrHert-butvl 
Aminophosphonium Chlor ide ft-Bu*FClNHo) and CoTiCU Wan g trfethvlamlne as base 
5 a. Synthesis of UBusPCiNH^at atmospheric pressure 

To a solution of tert-butylphosphane (4.06 g, 20.1 mmol) in ether (60 mL) was 
added hexachloroethane (4.76 g, 20.1 mmol). The mixture became 
heterogeneous, Acetonitrife (20 mL) was added to obtain a homogeneous solution. 
31 P-NMR showed the oxidation to be complete. Ammonia gas was bubbled 
1 0 through at atmospheric pressure for 20 minutes. After 1 6 hours, the conversion 

appeared to be 71 % according to ^P-NMR. NH 3 was bubbled through again for 1 0 
minutes. The reaction was complete after stirring for 3 days at room temperature 
and atmospherio pressure. The solvents were removed In vacuo resulting In 4,98 g 
(88%) of a white powder being characterized by 1 H-NMR and ^P-NMR as 
1 5 tris(te/Qbutylaminophosphoniumohloride. 

b. One-step preparation of (Cp)Ti(NP(t~Bu) 3 )Ck from Tri-tert-butyl 

Aminophosphonium Chloride (t-Bu B PClNHe) and CpTiCk using trtethy famine as 
base. 

To a solution of commercially available CpTiCl 3 (0.55 g, 2.5 mmol) in toluene (20 
20 mL) was added the aminophosphonlumchloride prepared under a (0.63 g, 2.5 

mmol). To the almost clear solution was added an exoeds of triethylamine (2.5 mL, 
18 mmol). The reaction mixture became more heterogeneous and the colour 
changed to orange. After stirring the reaction mixture overnight, the formed 
triethylammoniumchloride was filtered. The solvents from the filtrate were removed 
25 in vacuo. IMMR analysis ( 1 H, 31 P and t3 C) showed (Cp)Ti(NP(t-Bu)o)CI 2 with no 

detectable amounts of by-product. 

Example II. One-step preparat ion of /Cp-CpF^Ti^NP^Bu^^CU from Tri-tert-butvl 
Aminophosphonium Chloride rt- Bu,PClNH^ and CpfCaF^TiCl, using trlethvlamine as 
30 base 

To a solution of C 6 F 5 GpTiClb (1 .00 g f 2.59 mmoi) (obtained by the 
method described in J. Organom&t Chem., 2000, 107 by Rausoh et. al.) In toluene (60 
mL) was added f-Bu 3 PCINH 2 (0.68 g, 2.59 mmol). To the orange mixture was added 
triethylamine (1 .0 mL, 7.2 mmol). A precipitate was formed immediately and NMR 
35 monitoring of the reaction mixture showed complete conversion to the desired 
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products, with no detectable amounts of by-product. The mixture was stirred for 3 days. 
The reaction mixture was filtered and the solvent and excess tiiethylamine were 
removed in vacuo resulting in 1 .22 g (83%) (Cp-CeF s )Ti(NP(t-Bu) 3 )CI 2 . 31 P- and 1 H- 
NMR showed (Cp-C6F$)Ti(NP(t-Bu) 3 )Cl2 with no detectable amounts of by-product. 

5 

Example HI. One-step preparation of (Cp-CftF fi )Ti(NP(t-BuMMeo from Tri-tert-bulvl 
Aminophosphonium Chloride (tBuaPCINHq) and Cp(C g F f R)TiClg using 
methvlmagnesiumbromlde as base 

To an orange mixture of C 6 F 5 CpTiCla (1 -00 g, 2.69 mmol) and t- 

1 0 BU3PCINH2 (0.68 g, 2.59 mmol) in toluene (60 mL) and THF (20mL) was added a 

MeMgBr solution in ether (3.0M, 4.0 ml, 12 mmof) at -20°C. The reaction mixture was 
stirred for 45 minutes and subsequently dried in vacuo. The residue was extracted with 
boiling ligrofn (20 and 40 mL respectively). The solvents were removed in vacuo 
resulting in 1 .33 g (98%) of (Cp-C 6 F 5 )Ti(NP(t-Bu)3)Me2 with no detectable amounts of 

15 by-product 

Example IV. One-step preparation of CoTif N Fin-Buy^Clo from Tri-n-butvt 
Aminophosphonium Bromide fn-Bu^PBrlMHol and CpTICI* using triethvlamine as base 

a. Synthesis of n-Bu 3 PBrNHs 

20 Tri-n-butylphosphane (20.2 g, 0.1 0 mol) was dissolved in acetonitrile (200mL). The 
solution was cooled to 0°C and bromine (16.2 g, 0.10 mol) was added in 1 0 
minutes. An exothermic effect was observed. After 10 minutes, the cooling bath 
was removed. The bright yellow mixture was stirred for 2 hours after reaching 
room temperature. The mixture was again cooled to 0°C and ammonia was 

25 introduced. An exothermal reaction occurred. The temperature increase was 

controlled by the addition rate of the ammonia. The yellow slurry turns white after 
15 minutes and ammonia was bubbled through for an additional 10 minutes. The 
acetonitrile was removed in vacuo and the residue was extracted with 
dichloromethane (2x1 50ml). The solution was decanted from the solids and the 

30 solvent was subsequently removed in vacuo resulting in a white solid. Yield: 28.2 g 

(95%) n-BuaPBrNHa. 

b. One-step preparation of CpTi(NP(n-Bu)<$Cl2 from Tri-n-butyl Aminophosphonium 
Bromide (n-Bu 3 PBrNH^ and CpTiCk using trlethylamine as base 

CpTiCI 3 (2.21 g f 10.1 mmols) and n-BU3PNH a Br (3.05g 10.2 mmols), were 
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10 



dissolved in toluene (80mL). At room temperature triethylamlne (4mL, 29 mmol) 
was added dropwise over a period of 10 minutes. The reaotlon mixture 

» 

Immediately became heterogeneous and the oolour changed from orange to bright 
yellow. The mixture was stirred for 1 hour at room temperature (according to 31 P 
NMR the reaction was converted completely to the desired product). The 
ammonlumsalt was filtered off and washed once with 25 mL of toluene. The 
solvent was subsequently removed in vacuo leaving a viscous residue (product 
contaminated with small amounts of solvent). In order to obtain a solid product, the 
resulting residue was dissolved In 80 ml of hexanes and 25 mL of 
dichloromethane. Removing the solvent In vacuo yielded 3.4g of the product as a 
yellow solid (85%) being CpTI(NP(n-Bu) 3 )CI 2 . 



15 



20 



25 



Example V. Synthesis of trisrN.M.dl methvlamido)DhosDhoranelmido cvclopentadienvl 
titaniumflVl dichloride 

To a cold solution (-60°C) of cyclopentadienyltitanlum trichloride 
(0.50g, 2.28 mmol) in toluene (30 mL) was added N,N,N' I NMVP' I N",N'",N'"- 
hexamethylphosphorlmidlc triamlde (0.41 g, 2.3 mmol). The mixture was allowed to 
warm to room temperature. Then, triethylamlne (1 .0 mL, 7.2 mmol) was added. A 
precipitate formed directly after the addition of the triethylamlne, 3, P-NMR reaction 
monitoring showed that the desired product was formed without any detectable amount 
of by-product The reaction mixture was filtered in order to remove the 
triethylammonium chloride. The solvents were removed in vacuo and the residue was 
crystallised from toluene to give 0.73 g (yield: 89%) of a yellow crystalline produot, 
which was characterized by 1 H- and ai P-NMR to be tris(N,N- 
dlmethylamido)phosphoraneimldo cyclopentadlenyi titanium(IV) dichloride. 



30 



35 



Example VI. Synthesis of 1 .3-blsf2.e-dimethvlPhenvh-imlnoimidagQlinQ 
cvclopentadienvl titanium dichloride 

To a suspension of 1 ,3-bis(2 I 6-dimethylphenyl)-iminoimidazoline 
(1.50 g, 5.0 mmol) (prepared according to the procedure by LToldy et al, US Patent 
4,284,642), and cyclopentadlenyltitanium trichloride (1.10 g, 5 mmol) in toluene (80 
mL) was added triethyfamlne (1 .0 mL, 7.2 mmol) at ambient temperature. After stirring 
for 1 hour, the suspension was heated to reflux, then filtered hot. Cooling to ambient 
temperature gave orange crystals, which were filtered, washed with cold toluene and 
dried (1.38 g, 57% yield). Partial evaporation of the mother liquor and cooling to -20 °C 
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afforded another 0.90 g (38%). Total yield of 1 ,3-bis(2,B-dimethylphenyl)- 
iminoimidazoline cyclopentadienyl titanium dichloride was 95%. 

■ 

Example VIL Synthesis of 1 .3"bts(2.6-dimethvlDhenvlViminoimidazQllne 
5 cvclopentadienvltitanlum dimethyl 

To a suspension of 1 ,3-bIs(2 t 6-dimethyJphenyl)-iminoimidazoline 
(5.86 g, 20.0 mmol) and cyclopentadienyltitanium trichloride (4.38 g, 20,0 mmol) in 
toluene (200 mL) was added triethylamlne (2.53 g, 25 mmol) at ambient temperature. 
After stirring for 1 hour at ambient temperature, the thick yellow-orange suspension 

1 0 was heated to reflux and filtered hot. The yellow residue was extracted with boiling 

toluene portions of 10 mL 4 times {leaving a grey-white residue). The combined orange 
filtrates (separating yellow-orange crystals upon cooling) were cooled to 0°C. Methyl 
magnesium bromide (14 mL of a 3.0 M solution in diethyl ether, 44 mmol) was added in 
1 0 minutes. The orange suspension turned yellow gradually. The mixture was stirred 

1 5 overnight, then evaporated to dryness. The residue was extracted with boiling iigroln 

« 

(200 mL) and the resulting suspension was filtered hot. Cooling to approx- -20°C . 

afforded yellow crystals, which were filtered and washed with cold ligroin to give 2.8 g 

(32% yield) of NMR pure product. From the partially evaporated mother liquor and 2 nd 

ligroin extract, a 2 nd fraction of pure product was obtained (1 .0 g, 1 1 %). Total yield of 

20 1 ,3-bis(2,6-dimethyiphenyl)-iminolmidazoline cyclopentadienyl titanium dimethyl was 
43%. 

Example VIII. Synthesis of 1 .3- bis(2.6-d}methvlPherfVh-imlnolmldazollne 
ovclopentadienvl titanium dimethyl using methvlmaqnesium bromide as base. 

25 To a suspension of 1 ,3-bis(2,6-dimethyIphenyi)-iminoimldazoflne 

(2.93 g, 10.0 mmol) and cyclopentadienyttitanium trichloride (2.19 g, 10.0 mmol) in 
toluene (100 mL) was added methylmagnesiumbromide (1 1 mL of a 3.0 M solution in 
diethyl ether, 33 mmol) at -80°C during 10 minutes. The mixture was allowed to warm 
to ambient temperature to give a yellow suspension. THF (30 mL) was added, and the 

30 mixture was stirred for 15 hours. The light yellow suspension was evaporated to 
dryness. The residue was extracted with boiling ligroin (100 mL). The resulting 

* 

suspension was filtered hot The cake was extracted further with hot ligroin (Three 
times with 60 mL until the filtrate became colourless). The combined yellow filtrates 

were partially evaporated under reduced pressure to 50 mL. Cooling to approx. 4°C 

■» 

35 afforded yellow crystals, which were filtered and washed with cold ligroin to give 2.05 g 



tm 
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(47% yield) of NMR pure 1 ,3-bis(2 J 6-dimethyIpheny!)-imlnoirnfdazolIne 
cyclopentadienyl titanium dimethyl. 



Example IX. Synthesis of 1 .3"bisf2,6"dilsopropvlphenvlVimhoimldazoline 
5 cyclopentadienyl titanium dichlorlde 
a. Synthesis of 7,3-i?fe(2,6^ 

To a mixture of 2,6-diisopropylaniIine (260 g, 1.47 mol) in ethanol (1200 mL) was 

■ 

slowly added glyoxal (108,5 g of a 40 w-% in water solution, 0.75 mol). The 
solution turned intensely red, then intensely yellow. The mixture was heated to 

1 0 reflux overnight Cooling to 4 degrees resulted in crystallisation of yellow material, 
which was filtered and washed with cold ethanol until filtrate became bright yellow 
(instead of brown). The bright yeliow powder was dried (202.6 g, 72%). This 
dlimine (100 g, 0-27 mol) was dissolved in ethanol (1000 mL). The mixture was 
oooled to 0°C. Sodium borohydride (102.1 g, 2.7 mol) was added in portions during 

1 s 1 hour. The mixture was allowed to warm to room temperature, then stirred 1 hour. 
The mixture was heated to reflux gently (gas evolution!) and heated to reflux for 1 

hour. After cooling, the mixture was admixed with water (2L), and the suspension 

filtered. The yellow precipitate was dried (100.1 g, 98%). 

57 g (0.15 mol) of the diamine was dissolved in toluene (250 mL) and heated to 

20 reflux. A solution of cyanogen bromide (1 9.1 g, 0.1 8 mol) in toluene (1 00 mL) was 
added during the course of -1 hour, resulting in formation of a grey precipitate in 
an orange-red solution. After stirring at reflux for 1 hour, the mixture was cooled. 
The precipitate was filtered, washed with toluene and ligroin (to give 47.1 g yellow 
light powder). This powder was dissolved In water/ethano! 400/500 mL, and 10.0 M 

25 ISIaOH In water was added until strongly basic (pH>1 0). The precipitate was filtered 

and washed with water, then dried to give 37.3 g (61 .4% yield) of near pure 
product. The iminoimldazoline can be crystallized to give pure material as 
colourless crystals from boiling ligroin (270 mL) and filtering hot to remove some 
Insoluble material (recovery 67%). 

30 b. Synthesis of 1 1 3'bis(2 f 6'dllsopropylphenyiyiminoimldazotine cyclopentadienyl 
titanium dichloride 

To a suspension of 1 ,3-bis(2,6-diisopropyIphenyl)-iminoimidazoline (1 .02 g, 2.5 
mmol) and cyclopentadienyltitanlum trichloride (0.55 g, 2.5 mmol) in toluene (20 
mL) was added triethylamine (0.4 mL, 4,0 mmol) at ambient temperature. After 
35 stirring for 2 hours, the thick yellow-orange suspension was filtered, and the filtrate 
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evaporated to dryness to afford 1 -31 g (89% yield) of NMR-pure 1 ,3-bis(2,6- . 
dtisopropylphenyl)-imlnoimidazoiine oyclopentadienyltitanium dichloride. 
c- Synthesis of 1 f 3-bls(2 t 6-dlfsopropylph&nyiyiminolmldazotine cyclopentadienyl 
titanium dichlorlde (reversed addition) 
6 The same result as under b. was obtained when cyclopentadienyttitanium 

trichloride and triethylamlne were admixed tn toluene, and then ligand was added, 
d. Synthesis of 1,3-b!s(2 t 6^lisopropylphenylHminoimidazoiinB cyclopentadienyl 
titanium dichlorlde 

To a suspension of 1 ,3-bis(2,6-diisopropylphenyl)-iminolmidazoline 

10 (2.03 g, 6.0 mmol) and cyctoperrtadienyititanium trichloride (1 JO g, 6-0 mmol) fn 

toluene (30 mL) was added triethylamlne (0,8 mL, 6,7 mmol) at ambient temperature. 
After stiriring for 1 hour, the thick yelfow-orange suspension was diluted with toluene 
(50 mL) and ligroln (120 mL). The suspension was heated to reflux and filtered hot. 
Cooling to approx. 4°C afforded yellow crystals, which were filtered and washed with 

1 5 cold ligroin to give 1 .34 g (46% yield) of NMR pure 1 ,3-bis(2,6-diisopropy Iphenyl)- 
iminoimidazoline cyclopentadienyl titanium dichloride. 

Example X. Synthesis of 1 .3-bta(2.6-diisoDropvlPhenvlViminoimldazollne 
ovotopentadienvl titanium dimethyl 

20 To a suspension of 1 f 3-bis(2,6-diisopropylphenyl)-iminoimidazoline 

(2.06 g> 5.0 mmol) and cycloperrtadienyltitanium trichloride (1.10 g, 5.0 mmoi) in 
toluene (40 mL) was added triethylamlne (0-8 mL 6-7 mmo!) at ambient temperature. 
After stirring for 2 hours, the thick yellow-orange suspension was filtered, and the 
residue washed with toluene. The clear and orange filtrate was partially evaporated 

26 (-10 mL solvent removed). After cooling to -78 °C (dry ice/acetone), methyl 

magnesium bromide solution (3.3 mL of a 3M solution in diethyl ether, 1 0.0 mmol) was 
added. The temperature of the mixture was allowed to rise to ambient temperature and 
the mixture was stirred overnight. The yellow suspension was evaporated to dryness. 
The residue was extracted with boiling ligroin (80 mL) and the resulting suspension 

30 was filtered hot Evaporation to -*30 mL and cooling to approx. 4 6 C afforded yellow 
crystals, which were filtered and washed with cold ligroin to give 1 .38 g (51% yield) of 
NMR pure product. From the partially evaporated mother liquor, a 2 nd fraction of pure 
1 ,3-bis(2,6-diisopropyipheny»)-imlnoimida20line cyclopentadienyl titanium dimethyl was 
obtained (0.68 g, 1 9%). Total yield of 1 f 3-bls(2 t 6-diisopropylphenyl)-lminoimidazoline 

35 cyclopentadienyl titanium dimethyl: 70%. 
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CLA1MS 

■ 

1 . A process for the preparation of a metal-organic compound, comprising at 
least one Imlne ligand, characterized In that an Imine ligand according to 

6 formula 1 or the HA adduct thereof, wherein HA represents an acid, of which 

H represents its proton and A its conjugate base, is contacted with a metal- 
organic reagent of formula 2 in the presence of at least 1 , respectively at least 
2 equivalents of a base, with 

10 Y=N-R f , A 

1 u as formula 1 B 

wherein Y is selected from a substituted carbon, nitrogen, or phosphorous 
atom and R represents a eubstituent, and with 

1, mt^ULsU^X as formula 2, 

wherein: 

M represents a group 4 or group 5 metal ton 
V represents the valency of the metal ion, being 3, 4 or 5 
20 L i* L 2> U, and L» represent a ligand or a group 1 7 halogen atom on M and may 

be equal or different, X represents a group 17 halogen atom, 
k f I, m, n ~ 0, 1 , 2, 3, 4 with k+l+m+n+1 =V, 

2. A process according to claim 1 wherein R represents a hydrogen atom and 
wherein Y is selected from the group consisting of: 

25 I) a phosphorus substituent defined by the formula: 



R 



11 



R 13 



(formula 3) 



wherein each R 1 ', with j ^ 1-3 Is independently selected from the group 
30 consisting of a hydrogen atom, a halogen atom, a d. B alkoxy radical, a C<mo 

aryl or aryloxy radical, an amido radical, or a C^ 0 hydrocarbyl radical 
unsubstituted or substituted by a halogen atom, a Ci* alkoxy radical, a C<mo 
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aryl or aryloxy radical, an amido radical, a silyl radical of the formula: 

R 21 
-Si-R 22 

R 23 (formula 4) 



5 or a gerrnanyl radical of the formula: 

R 21 
-Ge-R 22 

*R 23 (formula S) 

wherein R 2 ' is independently selected from the group consisting of hydrogen, a 
10 c^alkyi or alkoxy radical, CMoaryl or aryloxy radicals, 

each substituent R 1J or R 8 * may be linked with another R 1 or R 2 to form a ring 
system, 

ii) a substituent defined by formula 6: 

Sub 1 
/ 
C 
\ 

15 Sub 2 (formula 6) 

wherein each of Sub 1 and Sub z is independently seleoted from the group 
consisting of hydrocarbyl radicals having from 1 to 30 carbon atoms; silyl 
radicals, (substituted) amido radicals and (substituted) phosphido radicals, 
20 and wherein Sub 1 and Sub 2 may be linked with each other to form a ring 

system 

3. A process according to claim 1 or 2 wherein the base is an amine, a group 1 , 
2, 1 2, 1 3 hydrocarbanlon or a metal or metalloid hydride. 

4. A process according to claim 3 wherein the base is an amine, a group 1 
25 hydride or a group 2 hydride, an organomagnesiunv or an organolithium 

compound. 

5. A process according to claim 4 wherein the base is a dialkylamine, a 
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trialkylamine, a diaryfemine or a triarylamine, an organomagnesium- or an 
organol'rthlum compound. 

6. A process according to claim 5 wherefn the base is triethylamlne, pyridine, 
^propylamine, trlbutylamine, 1 ,4-diaza-blcyclo[2.2.2]octane, pyrrolidine or 

5 plperldlne, an organomagnesium- or an organoKthium compound. 

7. A process according to claim 1 -6, carried out in the presence of at least 3 
respectively 4 equivalents of an organolithlum- or an organomagnesium 
oompound. 

8. A process according to claim 1 -6 wherein the reaction is carried out in an 
1 0 aprotic solvent. 

9. A process according to claim 8, wherein the solvent is the base. 

1 0. Process for the preparation of a polyolefin in the presence of an activator, 
characterized in that the process is carried out in the presence of a metal- 
organic compound comprising at least one imine ligand according to formula 1 

15 of claim 1 , obtained by a process wherein an Imlne, or the HA adduct thereof, 

wherein HA represents an acid, of which H represents its proton and A Its 
conjugate base, is contacted with a metal-organic reagent of formula 2 of 
claim 1 in the presence of at least 1 equivalent, respectively at least 2 
equivalents of a base. 

A process according to claim 10 wherein R represents a hydrogen atom and 
wherein Y is selected from the group consisting of: 

a phosphorus substituent according to formula 3 or a substituent according to 
formula 6. 

12. A process according to claim 1 0 or 1 1 , carried out in the presence of at least 
26 3, respectively at least 4 equivalents of an organomagnesium- or an 

orgariollthium compound, as the base. 

1 3. Process according to any of claims 1 0-12, wherein the metal-organic 
compound Is formed in situ. 



20 11 
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ABSTRACT 

■ 

The invention relates to a process for the preparation of a metal- 
organic compound, comprising at least one imine ligand, characterized in that an imine 
ligand according to formula 1 or the HA adduot thereof, wherein HA represents an acid, 
of which H represents Its proton and A its conjugate base, is contacted with a metal- 
organic reagent of formula 2 In the presence of at least 1 , respectively at least 2 
equivalents of a base, with 



10 



Y=N-R 



as formula 1, 



wherein Y Is selected from a substituted carbon, nitrogen, or phosphorous atom and R 
represents a substituent, and with 



15 



M v (L 1 ) k (L 2 ),(L 3 ) m (L 4 ) n X 



as formula 2, 



20 



25 



wherein: 

M represents a group 4 or group 5 metal ion 

V represents the valency of the metal fon, being 3, 4 or 5 

Li, L 2 , U. end U represent a ligand or a group 17 halogen atom on M and may be 

■ 

equal or different X represents a group 17 halogen atom, 
k, I, m, n » 0 a 1 , 2, 3, 4 with k+l+m+n+1 =V. 

The invention further relates to a process for the preparation of a 
polyolefm in the presence of the compound prepared according to the process of the 
invention. 



